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Specification 



SUMMARY OF THE INVENTION 



This invention relates to the application of a Venturi to facilitate the mixing of air 
and fuel to the crankcase of an internal combustion engine. Fuel could be 
gasoline but could be other hydrocarbons, alcohols, or diesel. The invention 
enhances the mixing of the fuel and air, resulting in improved combustion. 



BACKGROUND OF THE INVENTION 



The differential producing Venturi has a long history of uses in many 
applications. With no abrupt flow restrictions, the Venturi can mix gases and 
liquids with a minimal total pressure loss. Recently, the Venturi has been used in 
carbureted engines. The suction from the throat of the Venturi provided the 
motive force for bringing the fuel in contact with the air. The Improved application 
of the Venturi with the proposed invention is: the metering of the fuel is controlled 
by the fuel injector instead of the suction of the venturi; the fuel vaporization is 
facilitated by the reduced pressure in the throat of the Venturi; and mixing of the 
fuel/air mixture is further facilitated by the turbulent action in the outlet of the 
Venturi. 

The principle behind the operation of the Venturi is the Bernoulli effect. The 
Venturi mixes vapors and liquids by reducing the cross sectional flow area in the 
air flow path, resulting In a pressure reduction in the throat of the Venturi. After 
the pressure reduction, the mixture is passed through a pressure recovery exit 
section where most of the pressure reduction is recovered. The pressure 
differential follows Bernoulli's Equation, simplified for a negligible change in 
elevation: 

Pi + 1/2diVi^ = P2 + 1/2d2V2^ 
where, 

Pi = Pressure at the inlet of Venturi (Figure 1 , location 1 ); 

P2 = Pressure at the throat of the Venturi (Figure 1 , location 2); 

di = air density at the inlet of the Venturi (Figure 1 , location 1 ); 
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d2 = air density at the throat of the Venturi (Figure 1 , location 2); 

vi = air velocity at the inlet of the Venturi (Figure 1 , location 1 ) and; 

V2 = air velocity at the throat of the Venturi (Figure 1 , location 2). 

In Figure 1 , the air enters the Venturi at the location 1 with a cross-sectional area 
Ai, pressure Pi. and velocity Vi. These properties form the potential and kinetic 
energy of the fluid at one location. Energy is consen/ed in a closed system, that 
is, the sum of potential and kinetic energy at one location must equal the sum of 
the potential and kinetic energy at any another location in the system. If potential 
energy decreases at one location, the kinetic energy must proportionally increase 
at that location. The fluid enters the throat of the Venturi at location 2 with a new 
area A2, which is smaller than Ai. In a closed system mass can be neither 
created nor destroyed (law of conservation of mass), and as such, the volumetric 
flow rate at area Ai must equal the volumetric flow rate at area A2- If the area at 
location A2 is smaller than Ai, the fluid must travel faster to maintain the same 
volumetric flow rate. This increase in velocity results in a decrease in pressure 
according to the Bernoulli's equation. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a flow diagram for a typical Venturi. 

Figure 2 is a schematic diagram of a fuel/air intake passage improved by 
enhanced by the utilization of an unregulated Venturi. 

Figure 3 is a schematic diagram of a fuel/air delivery system f or a Venturi with an | 
integrated throttle design to regulate the flow of air into the engine. 

Figure 4 illustrates the fuel vaporization at the exit of the Venturi as a function of 
the fuel temperature for a typical gasoline mixture. 



DETAILED DESCRIPTION 

Figure 2 illustrates an internal combustion engine intake system with an 
unregulated Venturi delivery system. Air 4 flows into the Venturi either from 
natural engine suction or pressurized flow from a supercharger or a turbocharger. 
The air flows into the Venturi throat 5 where the pressure is reduced according to 
the Bernoulli equation. Fuel is metered into the throat of the Venturi with a fuel 
injector 6. The mixed fuel/air mixture leaves the Venturi and enters the 
combustion chamber through the intake valve 7. 

Figure 3 illustrates a regulated fuel/air delivery system consisting of a Venturi and 
integrated throttle design. Air 8 flows into the Venturi either from engine suction, 
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or pressurization from a supercharger orturbocharger The air rate is regulated 
by the throttle 9. The position of the throttle is modulated by an actuator 10 and 
moves 11 as required by the engine controls. The airflows into a Venturi throat 
12 where the pressure is reduced according to the Bernoulli equation. Fuel is 
metered into the throat of the Venturi with a fuel injector 13. The fuel can be 
introduced from a fixed location as Indicated in Figure 3 or introduced through the 
throttle 9. The mixed fuel/air mixture leaves the Venturi and enters the 
combustion chamber through the intake valve 14. 

The regulated Venturi design promotes enhanced fuel/air mixing at all throttle air 
rates by incorporating the airflow control with the Venturi design. The resulting 
flow area reduction provides a higher velocity at low throttle than an unregulated 
Venturi design. Consequently, the air velocity is always high into the throat of the 
Venturi, improving fuel/air mixing over the entire throttle range. 

With the regulated For e i th e r Venturi design , the fuel becomes well mixed with 
the air because: 1) the reduction in pressure at the throat of the Venturi increases 
the partial pressure of the fuel and promotes vaporization of the fuel and; 2) 
turbulence of the two-phase vapor-liquid flow facilitates fuel/air mixing before the 
combustion chamber. 

By exchanging the heat from the exhaust manifold with the fuel to the engine, the v 
vaporization of the fuel is improved in the Venturi exit over the introduction of fuel 
at ambient temperature. Gasoline is usually only 68% vaporized at 70 degrees 
Fahrenheit. A typical exhaust manifold temperature is about 450 degrees 
Fahrenheit. Consequently, there is sufTident heat available to substantially raise 
the fuel temperature. The heat transfer from the manifold could be accomplished 
with several common heat transfer configurations including a double-wall pipe, fin 
tubes or helical coil. Figure 4 illustrates the fuel vaporization at the exit of the 
Venturi as a function of the fuel temperature for a typical gasoline mixture. The 
pre-heated fuel and Venturi mixing concept complement one another, resulting in 
better fuel economy and engine performance. 
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